








































































































































































































































































































(ij	 = 	 *+ + -. !"#ij + 	'i	 + 	#//0/ij		(model	1)	
(ij	 = 	 *+ + *. 1#2i +	-. !"#ij + 	'i	 + 	#//0/ij	(model	2)	










































across	 three	 time	points.	Next,	measures	were	 age	 adjusted	 for	mean	 age,	 using	 random	
forest	 regression	 modelling,	 see	 Bremen	 (2001)	 and	 Wierenga	 et	 al.,	 (2017).	 Note	 that	
maturation	Index	measures	were	not	adjusted	for	age.		
	
The	 differences	 in	 variance	 between	males	 and	 females	 was	 examined	 where	 letting	 	
denote	 the	 observed	 outcome	 observation	 number	 i	 and	 	 its	 predicted	 outcome,	 the	
residuals	were	then	formed:		
.	





ˆi i ir y y= -
malesSD femalesSD
/males femalesT SD SD=
 16 
For	 each	 outcome,	 a	 permutation	 test	 of	 the	 hypothesis	 that	 the	 sex	 specific	 standard	
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Total	n 299 299 280
			Total	%	females 51% 51% 55%
age	mean	(sd) 14	(3.7) 16	(3.6) 18	(3.7)
IQ	mean	(sd) 109	(11) 108	(10.3)
Reading	comprehension	n 295 281 216
			%	females 51% 53% 50%




Working	memmory	n 288 279 213
			%	females 50% 52% 50%
			mean	(sd) .18	(.159) .86	(.121) .88	(.117)
BRIEF	parent	report	n 236 201 108
			%	females 52% 53% 52%
BRIEF	self	report	n 23 62 99
			%	females 61% 53% 51%
T1	scan	n 237 245 198


































Measure Model Estimate p-value EDF F p-value EDF F p-value T
lh_bankssts_area model	3 48.762 0.002 2.896 125.388 ** 1 18.197 **
lh_caudalanteriorcingulate_area model	2 32.653 0.007 1 23.573 **
lh_caudalmiddlefrontal_area model	2 144.529 ** 2.921 254.657 ** 0.01
lh_cuneus_area model	2 110.283 ** 2.816 31.886 **
lh_entorhil_area model	2 33.977 ** 1 10.853 0.001
lh_fusiform_area model	2 255.145 ** 2.732 81.198 **
lh_inferiorparietal_area model	2 264.974 ** 2.945 433.798 **
lh_inferiortemporal_area model	2 243.868 ** 2.398 94.807 **
lh_isthmuscingulate_area model	2 93.256 ** 2.371 47.271 **
lh_lateraloccipital_area model	2 391.944 ** 2.893 216.09 **
lh_lateralorbitofrontal_area model	2 167.541 ** 2.852 39.551 **
lh_lingual_area model	2 218.821 ** 2.788 24.88 **
lh_medialorbitofrontal_area model	2 155.397 ** 1 51.198 **
lh_middletemporal_area model	2 197.709 ** 2.934 73.8 **
lh_parahippocampal_area model	2 42.364 ** 1 18.145 **
lh_paracentral_area model	2 104.467 ** 2.631 132.6 **
lh_parsopercularis_area model	2 66.057 0.004 2.889 135.92 **
lh_parsorbitalis_area model	2 48.868 ** 2.886 33.516 **
lh_parstriangularis_area model	2 75.639 ** 2.962 97.291 **
lh_pericalcarine_area model	2 95.327 ** 1.725 16.942 ** 0.019
lh_postcentral_area model	2 324.753 ** 2.675 212.973 **
lh_posteriorcingulate_area model	2 103.478 ** 2.641 114.553 **
lh_precentral_area model	2 360.514 ** 2.867 102.433 **
lh_precuneus_area model	2 281.704 ** 2.912 417.952 ** 0.007
lh_rostralanteriorcingulate_area model	2 69.993 ** 1 6.693 0.01
lh_rostralmiddlefrontal_area model	2 469.352 ** 2.912 175.898 **
lh_superiorfrontal_area model	2 543.608 ** 2.969 161.159 **
lh_superiorparietal_area model	2 359.413 ** 2.887 330.065 **
lh_superiortemporal_area model	2 305.467 ** 2.418 134.225 **
lh_supramargil_area model	2 329.964 ** 2.846 252.089 **
lh_frontalpole_area model	2 19.971 ** 1 18.847 **
lh_temporalpole_area model	2 25.24 ** 1 2.554 0.11
lh_transversetemporal_area model	2 29.545 ** 1.897 69.068 **
lh_insula_area model	2 114.433 ** 2.591 65.67 **
rh_bankssts_area model	2 65.058 ** 2.901 357.427 ** 0.027
rh_caudalanteriorcingulate_area model	2 56.935 ** 1 49.041 **
rh_caudalmiddlefrontal_area model	2 102.54 0.003 2.94 347.834 ** 0.05
rh_cuneus_area model	2 120.958 ** 2.893 36.181 **
rh_entorhil_area model	2 28.948 ** 1 82.244 **
rh_fusiform_area model	2 283.477 ** 2.894 58.344 **
rh_inferiorparietal_area model	2 467.265 ** 2.948 405.666 **
rh_inferiortemporal_area model	2 261.663 ** 2.873 107.149 **
rh_isthmuscingulate_area model	2 73.996 ** 2.605 52.538 ** 0.049
rh_lateraloccipital_area model	2 419.139 ** 2.859 132.829 ** 0.004
rh_lateralorbitofrontal_area model	2 164.056 ** 2.771 26.356 **
rh_lingual_area model	2 161.369 ** 2.805 24.657 **
rh_medialorbitofrontal_area model	2 110.355 ** 1 21.623 **
rh_middletemporal_area model	2 256.437 ** 2.946 145.792 **
rh_parahippocampal_area model	2 52.405 ** 2.616 35.059 **
rh_paracentral_area model	2 100.763 ** 2.668 151.735 **
rh_parsopercularis_area model	2 75.848 ** 2.857 130.115 ** 0.042
rh_parsorbitalis_area model	2 71.81 ** 2.839 91.071 **
rh_parstriangularis_area model	2 100.134 ** 2.969 143.5 **
rh_pericalcarine_area model	2 94.56 ** 2.627 15.784 ** 0.004
rh_postcentral_area model	2 287.333 ** 2.91 227.179 **
rh_posteriorcingulate_area model	2 112.648 ** 2.728 170.929 **
rh_precentral_area model	2 335.74 ** 2.953 94.888 **
rh_precuneus_area model	2 366.865 ** 2.897 423.499 **
rh_rostralanteriorcingulate_area model	2 61.763 ** 1 3.034 0.082
rh_rostralmiddlefrontal_area model	2 523.143 ** 2.921 233.189 **
rh_superiorfrontal_area model	2 515.74 ** 2.976 168.601 **
rh_superiorparietal_area model	2 314.09 ** 2.833 266.775 **
rh_superiortemporal_area model	2 188.724 ** 2.908 143.483 **
rh_supramargil_area model	2 269.224 ** 2.798 211.356 **
rh_frontalpole_area model	2 19.001 ** 1 20.865 **
rh_temporalpole_area model	1 1 3.167 0.076
rh_transversetemporal_area model	2 26.398 ** 2.083 17.172 **





Measure Model Estimatep-value EDF F p-value EDF F p-value T
lh_bankssts_thickness model	1 2.894 231.603 **
lh_caudalanteriorcingulate_thickness model	1 2.896 166.215 **
lh_caudalmiddlefrontal_thickness model	1 2.868 171.62 **
lh_cuneus_thickness model	1 2.786 126.385 **
lh_entorhil_thickness model	1 2.704 12.968 **
lh_fusiform_thickness model	1 2.9 196.137 **
lh_inferiorparietal_thickness model	1 2.912 278.985 **
lh_inferiortemporal_thickness model	1 2.885 200.46 **
lh_isthmuscingulate_thickness model	1 2.944 368.93 **
lh_lateraloccipital_thickness model	1 2.66 60.843 **
lh_lateralorbitofrontal_thickness model	1 2.84 149.369 **
lh_lingual_thickness model	1 2.581 134.348 **
lh_medialorbitofrontal_thickness model	1 2.841 86.943 ** 0.03
lh_middletemporal_thickness model	1 2.888 250.654 **
lh_parahippocampal_thickness model	1 2.758 99.534 **
lh_paracentral_thickness model	1 2.859 163.983 **
lh_parsopercularis_thickness model	1 2.871 223.885 **
lh_parsorbitalis_thickness model	1 2.795 113.388 **
lh_parstriangularis_thickness model	2 0.035 0.006 2.846 201.505 **
lh_pericalcarine_thickness model	1 1 34.902 **
lh_postcentral_thickness model	1 2.759 95.507 **
lh_posteriorcingulate_thickness model	1 2.935 535.136 ** 0.019
lh_precentral_thickness model	1 2.561 75.057 **
lh_precuneus_thickness model	1 2.916 356.938 **
lh_rostralanteriorcingulate_thickness model	1 2.741 83.122 ** 0.026
lh_rostralmiddlefrontal_thickness model	2 0.03 0.006 2.869 214.595 **
lh_superiorfrontal_thickness model	1 2.93 251.282 **
lh_superiorparietal_thickness model	1 2.873 190.654 **
lh_superiortemporal_thickness model	1 2.86 147.559 **
lh_supramargil_thickness model	1 2.869 193.908 **
lh_frontalpole_thickness model	1 2.648 36.675 **
lh_temporalpole_thickness model	1 2.193 6.638 0.002
lh_transversetemporal_thickness model	1 2.491 38.748 **
lh_insula_thickness model	1 2.876 205.232 **
rh_bankssts_thickness model	1 2.898 292.973 **
rh_caudalanteriorcingulate_thickness model	1 2.797 179.966 **
rh_caudalmiddlefrontal_thickness model	1 2.901 160.611 **
rh_cuneus_thickness model	1 2.565 104.516 **
rh_entorhil_thickness model	1 2.581 7.3 **
rh_fusiform_thickness model	1 2.849 173.197 **
rh_inferiorparietal_thickness model	2 0.029 0.005 2.92 272.51 ** 0.032
rh_inferiortemporal_thickness model	1 2.897 197.834 **
rh_isthmuscingulate_thickness model	1 2.943 423.175 **
rh_lateraloccipital_thickness model	1 2.722 82.243 **
rh_lateralorbitofrontal_thickness model	1 2.817 132.553 **
rh_lingual_thickness model	1 2.542 84.812 **
rh_medialorbitofrontal_thickness model	1 2.654 111.585 **
rh_middletemporal_thickness model	1 2.903 290.44 ** 0.01
rh_parahippocampal_thickness model	1 2.623 100.726 **
rh_paracentral_thickness model	1 2.856 164.435 **
rh_parsopercularis_thickness model	1 2.86 188.867 **
rh_parsorbitalis_thickness model	1 2.721 85.488 **
rh_parstriangularis_thickness model	1 2.828 173.939 **
rh_pericalcarine_thickness model	1 1 2.034 0.154
rh_postcentral_thickness model	1 2.771 126.437 **
rh_posteriorcingulate_thickness model	1 2.951 520.943 ** **
rh_precentral_thickness model	1 2.752 92.157 **
rh_precuneus_thickness model	1 2.929 337.152 **
rh_rostralanteriorcingulate_thickness model	1 2.776 54.988 ** 0.007
rh_rostralmiddlefrontal_thickness model	2 0.035 0.003 2.873 190.944 **
rh_superiorfrontal_thickness model	1 2.904 269.812 **
rh_superiorparietal_thickness model	2 0.028 0.004 2.857 181.314 **
rh_superiortemporal_thickness model	1 2.853 200.965 **
rh_supramargil_thickness model	1 2.878 174.392 **
rh_frontalpole_thickness model	1 1.742 43.237 ** 0.018
rh_temporalpole_thickness model	1 2.644 6.889 0.005
rh_transversetemporal_thickness model	1 1.416 48.266 **















Measure Model Estimate p -value EDF F p -value EDF F p -value
Reading	Comprehension model	2 -7.032 ** 2.964 665.858 **
Reading	Fluency model	1 2.703 32.535 **




Measure Model Estimate p -value EDF F p -value EDF F p -value
Inhibition model1 1 16.011 **
Shifting model	1 1 0.143 0.706
Emotional	control model	1 1 16.367 **
Initiate model	2 1.3 ** 1.865 1.729 0.163
Working	memory model	2 0.986 ** 1.231 0.081 0.769
Planning	and	organization model	2 1.598 ** 1 1.512 0.219
Organization	of	materials model	1 1 5.714 0.017
Index	behavioral	regulation model	1 1 11.557 **




Measure Model Estimate p -value EDF F p -value EDF F p -value
Inhibition model	1 0.839 0.014 1 1.81 0.18
Shifting model	1 1 0.308 0.58
Emotional	control model	2 -1.175 0.003 1 1.991 0.16
Initiate model	2 1.121 ** 1 1.026 0.312
Working	memory model	1 1 2.407 0.123
Planning	and	organization model	2 1.146 0.002 1 2.424 0.121
Organization	of	materials model	1 1 0.56 0.455
Index	behavioral	regulation model	1 1 0.082 0.775
Index	metacognition model	2 4.102 0.004 1 5.765 0.017
For	the	age	spline	and	the	age-by-group	splines,	the	estimated	degrees	of	freedom	(EDF),	F-value,	and	P -values	are	reported.	**P -value	<0.001.	
Table	6A.	Variance	effects	and	Bayes	factor	on	task	based	EF
Measure Mean	F Mean	M p Cohen's	D BF VR p-value	VR
Reading	Comprehension 0.229 -0.212 ** 0.669 539090.8 0.053 n.s.
Reading	Fluency 0.109 -0.098 n.s. 0.207 0.5 -0.104 n.s.
Working	memory -0.123 0.153 ** 0.328 5.7 -0.329 n.s.
*	=	p-value	<.05,	**	=	p-value	<	.01,	BF	=	bayes	factor,	VR	=	variance	ratio
Table	6B.	Variance	effects	and	Bayes	factors	of	parent	report	BRIEF	measures
Measure Mean	F Mean	M p Cohen's	D BF VR p-value	VR
Inhibition 0.007 -0.025 n.s. 0.031 0.1 -0.25 n.s.
Shifting 0.056 -0.091 n.s. 0.152 0.3 -0.451 n.s.
Emotional	control 0.112 -0.133 n.s. 0.243 0.8 -0.287 n.s.
Initiate -0.284 0.293 ** 0.525 460.5 0.179 n.s.
Working	memory -0.148 0.136 n.s. 0.259 1 0.187 n.s.
Planning	and	organization -0.274 0.275 ** 0.51 291.1 0.478 **
Organization	of	materials 0.092 -0.108 n.s. 0.177 0.4 0.037 n.s.
Index	behavioral	regulation 0.079 -0.1 n.s. 0.176 0.4 -0.463 n.s.
Index	metacognition -0.22 0.241 ** 0.412 21.3 0.231 n.s.
*	=	p-value	<.05,	**	=	p-value	<	.01,	BF	=	bayes	factor,	VR	=	variance	ratio
Table	6C.	Variance	effects	and	Bayes	factors	of	self	report	BRIEF	measures
Measure Mean	F Mean	M p Cohen's	D BF VR p-value	VR
Inhibition -0.238 0.251 * 0.469 3.1 0.263 n.s.
Shifting -0.04 0.081 n.s. 0.121 0.2 0.435 **
Emotional	control 0.182 -0.181 n.s. 0.364 1.1 0.02 n.s.
Initiate -0.212 0.268 * 0.451 2.5 0.039 n.s.
Working	memory -0.183 0.224 n.s. 0.392 1.4 0.089 n.s.
Planning	and	organization -0.29 0.336 ** 0.617 21.9 0.343 *
Organization	of	materials -0.137 0.187 n.s. 0.268 0.5 0.032 n.s.
Index	behavioral	regulation -0.077 0.082 n.s. 0.162 0.3 0.215 n.s.
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Figure 1: Age by sex e↵ects on the left banks superior temporal gyrus surface area estimated
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Figure 2: Variance ratios favouring males (green) and females (yellow). A) showing mean surface
area estimates of 68 cortical regions. B) showing mean thickness estimates of 68 cortical regions

























































































































































Figure 3: Variance ratios favouring males (green) and females (yellow). A) shows MI estimates
of surface area of 68 cortical regions. B) shows MI estimates of mean thickness estimates of 68



































































































































































































Model f. DK thickness, area and development
Figure 4: Anatomical prediction of age (predicted age) by chronological age for 168 individuals.
The model to predict age includes estimates of 270 variables including cortical surface area and
thickens mean estimates as well as MI. Colours correspond to males (green) and females (yellow).
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Figure 5: Best GAMM model fits of age and sex for: A) task based EF measures, B) parent
report EF assessment using BRIEF questionnaire and C) self-report EF assessment using BRIEF
questionnaire. Best fit models are indicated where model 1 is a model including age, model 2 is































































































































































































































organization of materials parent








 organization of materials self












Figure 6: Correlation matrix between task based assessment of EF (first three columns) and
real-life assessment of the BRIEF questionnaire data (parent report columns 4 to 12, self-report
columns 13 to 21). Positive correlations are indicated in red, negative correlations are indicated
in purple. The stronger the correlation the darker the color. Only significant correlations are
reported (p-value <.05).
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